This paper assesses the suitability of using sugarcane bagasse ash (SCBA) as partial replacement of cement in concrete as well as the effect of its grinding on the mechanical properties of concrete. The SCBA was ground in a ball mill for 60 minutes and 30 minutes and its physical and chemical properties determined to establish if it was pozzolanic. 0%, 10%, and 20% by weight of cement was then replaced by the ash in concrete and the physical properties of concrete determined.
http://dx.doi.org/10.29322/IJSRP.9. 01.2019.p8546 www.ijsrp.org a) Intrinsic: the cement has some inherent characteristic or defect that gives rise to the problem. b) Extrinsic: the cement itself is not the cause of the problem; the low strength is in some way related to how the cement was used, or to the effect on the cement of other materials in the mix.
Extrinsic problems are, broadly, within the control of the concrete producer or contractor while intrinsic problems are generally for the cement manufacturer to identify and resolve. (03)
It is also important to note that the main constituent of cement is limestone (Calcium Carbonate). During manufacture of cement, this limestone is heated in the process of calcination and plenty of Calcium Oxide is produced, which is necessary for production of both hydraulic and non-hydraulic cement (04) . However, the other product of this combustion is Carbon (IV) Oxide, which is part of the green gases, responsible for pollution of the environment and the global warming, with its many negatives. Unfortunately, cement's huge contribution to air pollution is overlooked by the general public (Rosenwald, 2011).
The problems addressed above prompted scholars to try and find appropriate methods of making cement with several admixtures, to try and solve them. A contemporary popular way has been the use of ash, a good example being the construction of the Hoover Dam in 1929, in the United States in whichfly ash from the steel manufacturing industries was largely used as a cement replacing material(02). This was to reduce the high internal heat that was experienced when Portland cement was used alone. A lot of research has been put into the study of ash from steel manufacturing industries and this has provided a lot of information and positive steps into the replacement of cement with fly ash from the steel manufacturing industries. Much, however, remains to be researched as pertaining to the optimal use of bagasse ash as a cement replacement alternative.
Materials and Methodology

Obtaining and preparation of the bagasse ash
The SCBA was obtained from Mumias sugar factory, in western Kenya, where the bagasse had been burnt at about 1000 0C to produce electricity. The SCBA was then dried in the oven at 110 0C for 24 hours before it was ground in a ball mill for 60 minutes and 30 minutes. A sample of the SCBA was then taken for determination of the chemical properties. Specific gravity and hydrometer analysis was then done on the SCBA.Various replacements of cement with the ground and unground SCBA was then done and the resulting concrete tested for the workability as well as the various mechanical properties. Workability of the concrete was determined using slump and compaction factor. The mechanical properties were done after 28, 60 and 90 days of curing.
Specific gravity
The specific gravity was done on the unground and ground SCBA according to BS 1377-part 2-1990.
Hydrometer Analysis
This was done on the 60 minutes ground, 30 minutes ground and the unground SCBA, according to BS 1377-pt2-1990.
Plate 1. Hydrometer Analysis in progress
The Mix Design All mixes in this study were designed in accordance with the Building Research Establishment (BRE 1992) method, (05) recommended by the UK Department of the Environment. The following mix was established, to be used for 60 minutes ground, 30 minutes ground and unground SCBA. ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.9.01.2019.p8546
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Compaction Factor Test
The compaction factor test was done according to the recommendations of BS 1881-128(1997) on the fresh concrete.
Compressive test
Compressive strength was done according to specifications BS 1881: Part 111, BS 1881:Part 108 and 116 and BS EN 12390-3 on 10mm by 150mm by 150mm cubes after 28, 60 and 90 days of curing.
Tensile strength of concrete (Cylinder splitting)
The tensile splitting strength was done in line with the specifications of BS 1881 and ASTM C496. The concrete cylinders were tested after 28 day, 60 day and 90 days of curing.
Water Absorption Test
For this test, 150mm Х 150mm Х 150mm cubes were cast and cured for 28 days, 60 days and 90 days in ordinary water. Immediately upon curing, the cubes were removed from the curing tank, wiped dry with a tissue paper and weighed, which is the dry weight. The cubes were then immersed in water for 24 hours. Cubes were removed, patted dry with a lint free cloth, and weighed, this is the wet weight. Water absorption is expressed as increase in weight percent as shown below;
Percent Water Absorption = [(Wet weight -Dry weight)/ Dry weight] x 100
Density of Hardened Concrete Test
The Density was determined on the cubes and cylinders just before crushing them, in accordance with BS EN 12390-7.
Results and Discussions
Chemical composition of the SCBA
The following was the findings for the chemical composition of the bagasse ash; 
Discussion
The chemical composition of the SCBA was found to be within the recommendations of ASTM C618 and it was found to be close to class C fly ash (01) . Class C Fly Ash in addition to being a pozzolan is also cementitious.
It is however worth noting that the Loss of Ignition (L.O.I) is very high. This implies that the ash was not burnt at appropriate temperature. This means that there is high carbon content and hence workability may be lowered. The silica content was found to be 60.4%, implying that the SCBA was an effective pozzolanic material and cementitious.
Specific Gravity of the SCBA
The specific gravity of unground SCBA was found to be 1.81, 30 minutes ground SCBA to be 1.99 and 60 minutes ground SCBA was 2.14, giving an average of 1.98.
Discussion
The difference in specific gravity is brought about by the grinding which reduces the size of particles, increasing the surface area per given volume, consequently making them have a higher parking density, hence the high specific gravity in the ground SCBA.
These values were however lower than that of the cement used, which had a specific gravity value of 3.15. This implies that even the grinding did not reduce the particles to sizes comparable to those of cement as outlined below. Cement thus still had higher parking density.
This low value of specific gravity(compared to that of cement) is of economic significance because the more the percentage replacement of cement in the concrete, the lesser the overall weight of the concrete and structure at large. This would be an economic gain for the massive structures such as storey buildings and bridges. Lighter concrete would mean less logistics and costs of handling it. Lighter structures or members thereof would also result in lower reinforcement costs due to the reduction in dead load.
Hydrometer Analysis Results
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The grain distribution curve is represented on the semi-logarithmic scale below; 
Discussion
From the graph above, it can be seen that grinding reduced the sizes of the SCBA significantly. For instance, the 60 minutes ground SCBA had particles sizes ranging from 2μm and 78μm. About 95% of the particles were found to be 75μm and below while about 70% of the particles were found to be 45μm and below, which is the fineness of OPC.
For the 30 minutes ground SCBA, the particles sizes ranged from 2μm and 85μm. About 70% of the particles were 45μm and below.
For the unground SCBA, particle sizes ranged from 2μm and 92μm. Only about 50% of the particles were 45μm and below.
As outlined above, grinding was effective and the reduction in particles was a function of the time of grinding. Particles reduced as the time of grinding was increased. The reduction in particle size has an effect on specific gravity, density of concrete, strength and water absorption of the concrete as outlined elsewhere in this report. www.ijsrp.org 
Workability Results
Slump
Discussion
It is evident from the above figures that slump values increased with replacement up to a certain limit and then started decreasing. 10% replacement of SCBA produced concrete with slightly higher slump value than the control, which dropped slightly when the replacement was 20%. The same observation is made with the compaction factor values.
It is also worth noting that the slump values increased with increase in time of grinding. The 60 min. ground SCBA produced concrete with the highest slump values, followed by 30 min. ground SCBA while unground SCBA produced concrete with the lowest slump values, although, the differences were very minimal.
The above observations imply that workability was improved by addition of the SCBA slightly, 10% replacement producing concrete with a slightly higher workability. This can be attributed to the fact that the SCBA particles are rounder than cement particles and hence allows water to move around them easily hence improving workability of concrete.(02 ) The other reason for the increase in workability is that SCBA has slightly bigger particles than cement, making them to have a lower surface area to volume ratio hence few particles that are easily wetted. Grinding improves workability slightly since as the particle sizes reduce, the roughness also reduce.(02).The reduction in workability as the SCBA increase can be attributed to the fact that as the SCBA increase, the surface area to volume ratio of the ash increase, increasing roughness and carbon content with subsequent reduction in workability.
However, the values of slump obtained are lower than those found by previous researches at the same w/c ratio. This is because of the high Loss on Ignition value-31.6%! This means that the SCBA was not well burnt hence had a high carbon content, were rougher and hence absorbed more water, leading to lower workability compared with previous studies. www.ijsrp.org 
From the figures above, several observations can be deduced. Firstly, at early age of concrete, the density reduces with increase in SCBA. This can be attributed to the fact that at this age, the only contributing factor to the density is the density of the constituent materials. SCBA being lower in density (1.98g/cm³) than cement (3.15g/cm³), produces concrete with lower dry density. (07) Secondly, as the time of curing increase, the density increases with increase in SCBA up to a certain limit before starting to drop. For instance, the concrete made from 10% replacement SCBA had the highest density at 60 and 90 days of curing, followed by 20% replacement concrete and lastly the control, which increased only slightly as days of curing increased. This increase in density with increase in time of curing can be attributed to the hydration of tricalcium silicate and dicalcium silicate with water to produce calcium hydroxide and calcium-silicate-hydrate(C-S-H), which is a rigid hard and compact structure, hence the higher density. This reaction increases with increase in time of curing, hence the increase in density with time of curing. The increase in density with SCBA at later ages of curing can be attributed to the fact that in addition to the C-S-H produced above, more C-S-H is also produced from the reaction of calcium hydroxide produced above with silica from the SCBA. The slight reduction in density at 20% replacement is due to lack of Tricalcium and Dicalciun silicate hence less calcium hydroxide to react with silica, resulting in less C-S-H(08)
Lastly, it is seen that the density increased with increase in time of grinding. This is due to the increase in surface area to volume ratio and specific gravity with time of grinding as outlined above.
Compressive Strength Results
It was observed that the cubes failed in a normal and acceptable way as shown by the plate below; www.ijsrp.org www.ijsrp.org Firstly, it was seen that compressive strength increases with increase in days of curing. This is because hydration of cement is a continuous process that goes on forever, as long as favourable conditions are provided. With increase in time of curing, more C-S-H is produced hence the increase in compressive strength with time of curing. Also, at early age, concrete has more pores hence low strength. With increase in time, these pores are replaced with C-S-H hence the increase in strength. (09) Secondly, the compressive strength for the control (0% replacement) was the highest at early ages of concrete. As time of curing increase, the concrete having SCBA had higher compressive strength values, which reduces slightly as the content of SCBA increase further. At early age, 0% SCBA concrete has the highest compressive strength because of the high Tricalcium silicate and Dicalcium Silicate hence high C-S-H than the 10% SCBA and 20% SCBA concrete. (04) As the time of curing increase, the 10% SCBA concrete has the highest compressive strength because in addition to C-S-H from hydration, the calcium hydroxide formed as a product of hydration contributes to strength by; i) Providing a P.H medium for reaction with Silica from SCBA, ii) Silica from SCBA reacts with it to produce more C-S-H. (07,08) As outlined earlier, at 20% SCBA, the strength is lower than the 10% SCBA concrete since the reduction in cement implies that there is less Dicalcium and Tricalcium silicates to form C-S-H. (08) Lastly, it is observed that compressive strength increases with grinding, with 60 min. ground SCBA giving the highest compressive strength. This can be attributed to i), the higher surface area to volume ratio implying that more particles and more silica for reaction with calcium hydroxide to form C-S-H, ii) Smaller particles ensure faster reactions hence faster rate of formation of C-S-H and iii), The higher specific gravity(Density) hence more compact concrete and subsequently higher strength.
TENSILE SPLITTING RESULTS
I. Tensile results for 60 min. ground SCBA
The cylinders were observed to fail in recommended way by splitting into two halves as shown on the plate below; www.ijsrp.org www.ijsrp.org Firstly, it was seen that tensile strength increases with increase in days of curing. This is due to the increase in C-S-H production with time of curing as outlined above, as hydration of cement goes on. Another observation is that the values obtained were very low compared to the compressive strength. This explains why reinforcements are normally put in concrete elements subjected to tension. The values were however in the range of 1/8-1/12 the compressive strength. (04) Secondly, the tensile strength for the control (0% replacement) was the highest at early ages of concrete. As time of curing increase, the concrete having SCBA had higher tensile splitting strength values, which reduces slightly as the content of SCBA increase further for the same reasons as explained under compressive strength.
Lastly, it is observed that tensile strength increases with grinding, with 60 min. ground SCBA giving the highest tensile strength, again for the same reasons as outlined under compressive strength. www.ijsrp.org www.ijsrp.org From the figures above, several observations can be deduced. Firstly, at early age of concrete, the water absorption increases with increase in SCBA. This can be attributed to the fact that at this age, concrete without SCBA has the highest density due to the high density of cement and higher C-S-H gel than concrete made from SCBA, as outlined earlier. (07) Secondly, as the time of curing increase, the water absorption decreases with increase in SCBA up to a certain limit before starting to drop. This decrease in water absorption with increase in time of curing can be attributed to the hydration of tricalcium silicate and dicalcium silicate with water to produce calcium hydroxide and calcium-silicate-hydrate(C-S-H), which is a rigid hard and compact structure, hence the higher density concrete that allows only little water to go through it. This reaction increases with increase in time of curing, hence the increase in density with time of curing with consequent reduction in water absorption. The reduction in water absorption with SCBA at later ages of curing can be attributed to the increase in density with SCBA at later ages of curing due to the fact that in addition to the C-S-H produced above, more C-S-H is also produced from the reaction of calcium hydroxide produced above with silica from the SCBA. The slight increase in water absorption at 20% replacement compared to 10% replacement is due to the reduction in density at 20% replacement due to lack of Tricalcium and Dicalciun silicate hence less calcium hydroxide to react with silica, resulting in less C-S-H(08)
WATER ABSORPTION RESULTS
I. Water Absorption results for
Lastly, it is seen that the water absorption decreased with increase in time of grinding of the SCBA. This is because density increased with increase in time of grinding due to the increase in surface area to volume ratio and specific gravity with time of grinding as outlined above.
COMPARISON OF THE MECHANICAL PROPERTIES FOR 10% REPLACEMENT FOR 60 MIN GROUND, 30 MIN GROUND AND UNGROUND SCBA
This was done to assess the effect of grinding the SCBA on the mechanical properties of the SCBA.
I. Density Fig 29. Density vs time of curing for 10% replacement
From the above figure, it can be seen that the density increases with with increase in time of grinding of the SCBA. This is because grinding reduces the particle sizes, increasing surface area to volume ratio hence increasing the specific gravity and consequently density of the concrete. www.ijsrp.org From the figure above, it is observed that compressive strength increases with grinding, with 60 min. ground SCBA giving the highest compressive strength. This can be attributed to i), the higher surface area to volume ratio implying that more particles and more silica for reaction with calcium hydroxide to form C-S-H, ii) Smaller particles ensure faster reactions hence faster rate of formation of C-S-H and iii), The higher specific gravity(Density) hence more compact concrete and subsequently higher strength.
III. Tensile strength Fig 31. Tensile strength vs time of curing for 10% replacement
The tensile splitting strength from the figure above shows that tensile strength increases with grinding, with 60 min. ground SCBA giving the highest strength. This can be attributed to i), the higher surface area to volume ratio implying that more particles and more silica for reaction with calcium hydroxide to form C-S-H, ii) Smaller particles ensure faster reactions hence faster rate of formation of C-S-H and iii), The higher specific gravity(Density) hence more compact concrete and subsequently higher strength. www.ijsrp.org
It can be seen from the figure above that the water absorption decreased with increase in time of grinding of the SCBA. This is because density increased with increase in time of grinding due to the increase in surface area to volume ratio and specific gravity with time of grinding as outlined above.
Conclusions
The following conclusions can be drawn from this research; a) Sugarcane bagasse ash(SCBA) is highly pozzolanic, based on the chemical composition obtained, and it can be classified as class C fly ash according to ASTM C618. b) Use of SCBA as partial replacement of cement improves workability slightly up to a certain limit before starting to drop, with 10% replacement giving the highest workable concrete. c) The compressive strength and tensile strength of concrete is increased by replacing cement partially with SCBA up to a certain limit. It was found out that a replacement of 10% gave concrete with the highest compressive and tensile strength. d) The density of concrete is increased as SCBA replacement increases up to 10% replacement before starting to drop. e) Water Absorption reduces as the SCBA replacement increases up to 10% before dropping. This low water absorption and the increase in density thus means that the concrete will be more durable and the reinforcements will not rust too much. f) Grinding of SCBA improves the performance of concrete since at 10% replacement, 60 minutes ground SCBA gave concrete with the highest 90 th day compressive and tensile strengths, highest 90 th day density and lowest 90 th day water absorption values.
From these findings, it can be concluded that 60 minutes ground SCBA with a 10% replacement gave concrete with the best performance.
